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(57) ABSTRACT

A drug delivery device has a housing with an adhesive pad
associated with the lower surface of the housing and con-
figured to removably attach to a human body surface. A
deformable drug reservoir 1s positioned within the housing
and 1ncludes an outlet, with a needle tluidically connected to
the drug reservoir and configured to define at least a portion
of a fluid flow path between the drug reservoir and said
human body surface. A delivery assembly 1s associated with
the drug reservoir and includes a roller and a drive assembly,
with the drive assembly being controlled by the controller
during a drug delivery routine to move the roller from a first
position to a second position so as to cause the roller to
contact and deform the reservoir, thereby conveying a drug

from the reservoir via the outlet.
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FIG. 1
(PRIOR ART)
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DEFORMABLE DRUG RESERVOIR FOR
WEARABLE DRUG DELIVERY DEVICE

BACKGROUND
Field of the Disclosure

The present disclosure relates to drug delivery devices.
More particularly, the present disclosure relates to deform-
able drug reservoirs for delivery devices mounted to the
body for automatically delivering a drug to a patient.

Description of Related Art

Delivery of liquid drugs to a patient via injection using a
needle or syringe 1s well-known. More recently, devices that
automate the delivery of liquid drugs have been introduced.
These devices (which are commonly referred to as “on-body
devices” or “on-body 1njectors”) are mounted or otherwise
secured to the body of the patient (e.g., to the arm or
abdomen) and remain 1n place for an extended amount of
time (on the order of hours or days), injecting an amount of
the drug into the body of the patient at one or more
scheduled times. For example, a device may be configured
to deliver a drug over the span of 45 minutes, with delivery
beginning 27 hours after the device has been activated and
applied to a patient (to ensure that the drug 1s not delivered
sooner than 24 hours after a medical procedure or treat-
ment). These devices improve upon manual methods by
obwviating the need for the patient to 1nject themselves with
the drug (which carries heightened risks of the patient
improperly administering the injection or injecting the drug
at an mappropriate time) or to return to a medical facility for

one or more injections by a technician or medical profes-
s1onal.

One known on-body device 10 1s shown 1n FIGS. 1 and
2. The device 10 of FIG. 1 includes a housing 12 that
contains or encloses the functional components of the device
10, which are shown in FIGS. 3 and 4.

The internal components of the device 10 include a
reservoir 14 that 1s configured to be filled with a liquid drug
to be delivered to the patient. An upper surface of the
housing 12 includes a fill indicator 16 that provides a visual
indication of the amount of fluid in the reservoir 14. In
addition to the fill indicator 16, the upper surface of the
housing 12 may include printed information, such as infor-
mation regarding the drug to be delivered. The upper surface
of the housing 12 may be formed of a translucent material,
which allows light from a status light 18 (which may be
configured as a light-emitting diode) mounted within the
housing 12 (FIG. 1) to be seen through the upper surface of
the housing 12. The status light 18 1s electrically coupled to
a controller or processor (which may be a CPU or MPU
configured as a computer chip mounted to a printed circuit
board positioned within the housing 12, for example) that
carries soltware for executing a drug delivery routine. The
status light 18 receives signals from the controller and emats
light to provide information regarding a status of the device
10. This may include emitting differently colored light
and/or emitting light in different flashing patterns to indicate
different conditions, such as a blinking orange light to
indicate that the device 10 1s ready to be applied to a patient,
a blinking green light to indicate proper operation of the
device 10, and a blinking red light to indicate an error or
other condition. One or more batteries 20 provides power to
the status light 18 and the other electrical components of the

device 10.
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The drug 1s injected into the reservoir 14 using a (typically
pre-filled) syringe 22 via a port 24 incorporated into the
bottom or underside of the housing 12 (FIG. 4) and fluidi-
cally connected to the reservoir 14. FIGS. 1 and 2 1llustrate
an applicator 26 that 1s removably associated with the
underside of the housing 12 and used in combination with
the syringe 22 to fill the reservoir 14 via the port 24. The
drug 1s most typically injected into the reservoir 14 by a
medical professional immediately before the device 10 1s
secured to the patient to ensure that the proper drug 1s
supplied, along with the proper amount.

A piston or plunger 28 (FIG. 4) positioned within the
reservoir 14 1s moved (from leit to right, in the orientation
of FIG. 4) as the space within the reservoir 14 1s filled by the
inflowing drug. Movement of the piston 28 into 1its final
position (when the reservoir 14 has been filled with the
appropriate amount of the drug) causes a portion of a rod
associated with the piston 28 to extend from the reservoir 14
to create an electrical connection, which activates the device
10. Activation of the device 10 may include a signal, such as
a buzzer providing an audible indication that the device 10
has been activated and/or a light emitted by the status light
18.

When the device 10 has been activated, 1t 1s mounted or
secured to the body of the patient. The applicator 26 1s first
removed from the underside of the housing 12 and dis-
carded, followed by a pull tab 30 being manipulated to
remove a release film from an adhesive pad 32 associated
with the underside of the housing 12. The housing 12 1s then
pressed against the body of the patient, with the adhesive
pad 32 facing the body. An adhesive present on the adhesive
pad 32 causes the adhesive pad 32 (and, hence, the housing
12) to adhere to the body.

Some predetermined time after the device 10 has been
activated (which may be on the order of three to five
minutes, for example), a distal end portion of a cannula 34
1s 1ntroduced into the skin of the patient via a cannula
window 36 defined in the housing 12 (FIGS. 3 and 4). The
cannula 34 (which remains partially positioned within the
skin of the patient for as long as the device 10 is in use) 1s
formed of a flexible or semi-rigid material, such as a plastic
matenal, for improved patient comfort.

As the cannula 34 i1s not 1tself configured to pierce the
skin, an associated needle 38 1s provided within the lumen
of the cannula 34, with a sharp or beveled distal end of the
needle 38 extending out of a distal end of the cannula 34. A
midsection of the needle 38 1s mounted within a needle
carriage 40, while a proximal end 42 of the cannula 34 is
mounted within a cannula carriage 44 that 1s mitially posi-
tioned directly adjacent to the needle carrniage 40. The needle
carriage 40 1s pivotally connected to an end of a linkage or
crank arm 46, with an opposite end of the linkage 46 being
associated with a torsion spring 48. At the designated time
(e.g., 3-5 minutes after the device 10 has been activated), the
controller causes a lever (not visible) to be released, which
allows the spring 48 to recoil, 1n turn rotating the linkage 46,
which rotation causes the needle carriage 40 to move along
a linear track 50 from a first position adjacent to the spnng
48 (FI1G. 3) to a second position spaced away from the spring
48. Movement of the needle carriage 40 causes correspond-
ing movement of the cannula carriage 44 along the track 50,
with the cannula 34 and the distal portion of the needle 38
moving together in a direction away from the spring 48.
Moving the carriages 40 and 44 into the second position
causes the sharp distal end of the needle 38 to advance out
of the housing 12 via the cannula window 36 and pierce the
skin. The cannula 34 is carried by or moves along with the
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distal portion of the needle 38, such that the needle 38
piercing the skin will also cause the distal end of the cannula
34 to enter mto the skin.

Continued recoiling of the spring 48 causes further rota-
tion of the linkage 46, which has the effect of moving the
needle carriage 40 back toward the spring 48 (1.e., back
toward its first position). Rather than moving along with the
needle carriage 40, the cannula carriage 44 1s held in its
second position (FIG. 3) by a lock or latch 52. As the
movement of the needle carriage 40 1s not restricted by the
lock or latch 52, the needle carriage 40 will return to its first
position, while the cannula carriage 44 remains 1n 1ts second
position (with the final positions of both carriages 40 and 44
shown 1n FIG. 3).

Movement of the needle carriage 40 1n a proximal direc-
tion away from the cannula carriage 44 causes the needle 38
to partially (but not fully) retract from the cannula 34. In the
final condition shown 1n FIG. 3, the distal end of the needle
38 1s positioned within the cannula 34 (e.g., adjacent to a
midsection or midpoint of the cannula 34), while the distal
end of the cannula 34 remains positioned within the skin. A
proximal end of the needle 38 extends nto fluid communi-
cation with the reservoir 14, such that the needle 38 provides
a tluid path from the reservoir 14 to the cannula 34 when the
carriages 40 and 44 are in the final condition 1illustrated 1n
FIG. 3. Due to the distal end of the cannula 34 remaining
positioned within the skin, subsequent advancement of the
drug out of the reservoir 14 (e.g., 27 hours after the device
10 has been activated) will cause the drug to move 1nto the
needle 38 (via the proximal end of the needle 38), through
the needle 38 (to its distal end), and into the cannula 34. The
drug 1s then delivered to the patient (e.g., over the course of
a 45-minute session) via the distal end of the cannula 34
positioned within the skin.

As for the mechamism by which the drug i1s advanced out
of the reservoir 14, the device 10 includes a lever 54
mounted to a pivot point 56 (FI1G. 4). The lever 34 includes
a first arm 58 configured and oriented to interact with a first
gear 60 and a second arm 62 configured and oriented to
interact with a second gear 64. A tab 66 extends from an
opposite end of the lever 54 and 1s configured and oriented
to alternately move into and out of contact with two elec-
trical contacts 68 and 70 (electrically coupled to a printed
circuit board, which i1s not shown) as the lever 54 pivots
about the pivot point 56.

A first wire or filament 72 extends from the lever 54,
around a first pulley 74, and ito association with a {first
clectrical contact 76. A second wire or filament 78 extends
from the lever 54 1n the opposite direction of the first wire
72, around a second pulley 80, and into association with a
second electrical contact 82. The wires 72 and 78 (which are
commonly referred to as “muscle wires™) are formed of a
shape memory alloy (e.g., Nitinol), which causes them to
heat up and contract when a current flows through them,
while being allowed to stretch when the current i1s removed
and the wire 72, 78 cools. Current 1s alternately applied to
the two wires 72 and 78, causing the one carrying a current
to heat up and contract while the other one 1s allowed to
stretch. The wire 72, 78 that contacts will pull on the lever
54, causing it to pivot about the pivot point 56. Thus,
alternately applying current to the two wires 72 and 78 will
cause the wires 72 and 78 to alternately contact and stretch,
which 1n turn causes the lever 54 to pivot back and forth
about the pivot point 56.

At the designated time (e.g., 27 hours after the device 10
has been activated), the controller provides commands that
cause current to be alternately applied to the muscle wires 72
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4

and 78, which causes the lever 34 to alternately pivot about
the pivot point 56 in opposite first and second directions.
Pivotal movement of the lever 54 i the first direction will
cause the first arm 38 of the lever 54 to engage and rotate the
first gear 60 an incremental amount, while pivotal move-
ment of the lever 54 1n the second direction will cause the
second arm 62 of the lever 34 to engage and rotate the
second gear 64 an incremental amount (1n the same direction
in which the first gear 60 is rotated by the first arm 58). Both
gears 60 and 64 arec associated with a common shait 84
(which 1s shown 1n FIG. 3 and may be formed with the gears
60 and 64 as a single, molded piece), such that rotation of
either gear 60, 64 will cause the shaft 84 to rotate about 1ts
central axis. The shait 84 1s mechanically coupled to the
piston 28 within the reservoir 14, with rotation of the shaft
84 causing the piston 28 to move toward 1ts 1nitial position
(e.g., by a threaded connection whereby rotation of the shaft
84 1s translated into movement of the piston 28 along the
length of the reservoir 14). As the piston 28 moves toward
its 1nitial position (from right to left in the orientation of FIG.
4), 1t will force the drug out of the reservoir 14 via the
proximal end of the needle 38. As described above, the drug
will flow through the needle 38, 1nto and through the cannula
34, and into the body of the patient.

After the drug has been delivered (e.g., over the course of
a 45-minute session), the controller alerts the patient via a
visual cue from the status light 18 and/or an audible cue
from the buzzer that drug delivery i1s complete. Subse-
quently, the patient removes the device 10 from their skin
and discards the device 10.

While devices of the type described above have proven
adequate, there 1s room for improvement of them. For
example, the size and the profile of the device can be greatly
improved. By decreasing the height and/or profile of the
drug reservorir, the size and the profile of the device can be
reduced. The lower and more compact profile can provide a
more comiortable device for the user and reduce 1nstances of
devices bemng caught on clothing, preventing accidental
leakage from the device.

SUMMARY

There are several aspects of the present subject matter
which may be embodied separately or together in the
devices and systems described and claimed below. These
aspects may be employed alone or in combination with other
aspects of the subject matter described herein, and the
description of these aspects together 1s not intended to
preclude the use of these aspects separately or the claiming
of such aspects separately or 1n different combinations as set
forth 1n the claims appended hereto.

In one aspect, a drug delivery device comprises a housing,
an adhesive pad associated with the lower surface of the
housing and configured to removably attach to a human
body surface, a deformable drug reservoir positioned within
the housing and including an outlet, a needle fluidically
connected to the drug reservoir and configured to define at
least a portion of a fluid flow path between the drug reservoir
and said human body surface. The drug delivery device also
includes a controller configured to control the components
of the drug delivery device to execute a drug delivery routine
and a delivery assembly associated with the drug reservoir
and including a roller and a drive assembly, wherein the
drive assembly 1s configured to move the roller from a first
position to a second position so as to cause the roller to
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contact and deform the reservoir, thereby conveying a drug
from the reservoir via the outlet during a drug delivery
routine.

This and other aspects of the present subject matter are set

forth 1n the following detailed description of the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top perspective view of a drug delivery device
according to conventional design;

FIG. 2 1s a bottom perspective view of the drug delivery
device of FIG. 1;

FIG. 3 1s a top perspective view of the interior compo-
nents of the drug delivery device of FIG. 1;

FIG. 4 1s a bottom perspective view of the interior
components of the drug delivery device of FIG. 1;

FIG. 5 15 a top perspective view ol an exemplary embodi-
ment of a drug delivery device with an improved drug
reservolr and drive assembly, according to an aspect of the
present disclosure;

FIG. 6 1s a side elevational view of the drug delivery
device of FIG. 5;

FIG. 7 1s a top perspective view of a second exemplary
embodiment of a drug delivery device with an improved
drug reservolr and drive assembly, according to an aspect of
the present disclosure;

FIG. 8 1s a side elevational view of the drug delivery
device of FIG. 7;

FI1G. 9 15 a top perspective view of a third embodiment of
a drug delivery device with an improved drug reservoir and
drive assembly, according to an aspect of the present dis-
closure; and

FIG. 10 1s a side elevational view of the drug delivery
device of FIG. 9.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

The embodiments disclosed herein are for the purpose of
providing a description of the present subject matter, and it
1s understood that the subject matter may be embodied 1n
various other forms and combinations not shown in detail.
Therefore, specific designs and features disclosed herein are
not to be mterpreted as limiting the subject matter as defined
in the accompanying claims.

FIGS. 5 and 6 show an exemplary drug delivery device
110 embodying aspects of the present disclosure. The drug
delivery device 110 includes a housing 116. The housing 116
contains or encloses the functional components of the device
110, including a controller 118 and reservoir 112. The
reservoir 112 1s configured to be filled with a liquid drug to
be delivered to a patient, with the reservoir 112 being filled
cither before or after the reservoir 112 1s mounted within the
housing 116, which may include the reservoir 112 being
filled by a medical professional shortly before the device 110
1s activated for a drug delivery routine. The methods and
devices described herein may be used to deliver any suitable
fluid medication to a subject. In an exemplary embodiment,
the methods and devices described herein are used to deliver
peglilgrastim to a subject, though other exemplary medica-
tions 1nclude (without limitation) one or more of the fol-
lowing: adalimumab, rituximab, risankizumab, etanercept,
trastuzumab, ado-trastuzumab emtansine, trastuzumab
deruxtecan, bevacizumab, inthximab, pegfilgrastim, ({il-
grastim, tocilizumab, golimumab, interferon beta-1 a,
ranibizumab, denosumab, pembrolizumab, nivolumab,
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aflibercept, eculizumab, ocrelizumab, pertuzumab,
secukinumab, omalizumab, ustekinumab, wvedolizumab,
daratumumab, dupilumab, atezolizumab, natalizumab, bort-
czomib, i1pilimumab, durvalumab, emicizumab, palivi-
zumab, guselkumab, mepolizumab, panitumumab, ramuci-
rumab, belimumab, abatacept, certolizumab pegol,
ixekizumab, romiplostim, benralizumab, evolocumab,
canakinumab, obinutuzumab, cetuximab, erenumab, blina-
tumomab, romosozumab, mirikizumab, 1notuzumab, saci-
tuzumab govitecan, enfortumab vedotin, brentuximab vedo-
tin.

The device 110 also includes a needle fluidically con-
nected to the drug reservoir 112 and configured to define at
least a portion of a fluid flow path between the drug reservoir
112 and a subject or patient. The needle and fluid flow path
may be variously configured without departing from the
scope of the present disclosure, with the needle and flow
path being generally as described above with regard to the
device of FIGS. 1-4 in an exemplary embodiment. The
housing 116 has an adhesive pad 114 associated with its
lower surface and configured to removably attach to a
human body surface. The adhesive can be a pressure sen-
sitive adhesive, particularly any medical grade pressure
sensitive adhesive. The adhesive can be rubber, acrylic,
and/or silicone based, for example.

The controller 118 1s configured to control the compo-
nents of the drug delivery device 110 to execute a drug
delivery routine. The controller may include a microproces-
sor (which, 1n fact may include multiple physical and/or
virtual processors) and one or more electrical circuits and
memories. The mstructions by which the microprocessor 1s
programmed may be stored on the one or more memories
associated with the microprocessor, which memory/memo-
ries may include one or more tangible non-transitory com-
puter readable memories, having computer executable
instructions stored thereon, which when executed by the
microprocessor, may cause the microprocessor to carry out
one or more actions as described below.

The device 110 may also include at least one indicium
associated with a display of the device. The indicium 1s
configured to provide information to a user, which may
include for example an indication that the device is ready to
begin a drug delivery procedure, that the device 1s perform-
ing a drug delivery procedure, that the device has completed
a drug delivery procedure, and/or that there has been an
error. The indicium may display or represent the status of the
device 1n any suitable manner. For example, 1n one embodi-
ment, an indicium may be configured as a shortened mes-
sage that can display different words, and 1t may include
colors and/or lights to further indicate the state of the device.
The indicium may utilize any other type of indication known
in the art without departing from the scope of the present
disclosure.

The controller 118 may be coupled (directly or indirectly
connected) to the components of the device 110, such as the
needle and display. The controller may operate each com-
ponent, each of which may be an assembly of other devices
or equipment, to execute a drug delivery routine. The
controller may be programmed to perform other actions as
well. Among the components coupled to the controller 1s a
delivery assembly 120 configured to convey the drug from
the drug reservoir via an outlet, as will be described in
greater detail herein.

The device 110 can also include buttons or icons associ-
ated with the controller 118. The buttons or 1cons may be
variously configured and positioned at any suitable location
of the device. The device may include two buttons or icons,
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for example, with one button/icon being a start button/icon
for initializing a procedure and the other button/icon of the
set being a stop button/icon for stopping a procedure.

Unlike the rigid drug reservoir of the on-body delivery
device of FIGS. 1-4, the drug reservoir 112 of FIGS. 5 and
6 1s at least partially deformable and/or flexible. The drug
reservoir can be any appropriate shape, being generally
rectangular with curved or rounded comers 1n the illustrated
embodiment. In an exemplary embodiment, the drug reser-
voir 1s configured as a large, flat, flexible bag formed of two
f1lms sealed together along at least one edge, and possibly all
four edges, of the reservoir or a single film sealed along at
least one edge. The reservoir may extend to occupy a
significant portion of the length and width of the interior of
the housing, which may be advantageous by decreasing the
height of the reservoir without decreasing its capacity. For
example, the reservoir (when filled with a drug) may have a
height that 1s less than half the height of a conventional rigid
reservoir (which may be 1n the range of about 6 mm to about
18 mm). By changing the size/shape of the reservoir from a
traditional “syringe-style” reservoir with a round or oval
cross-section (as employed in the device of FIGS. 1-4), the
delivery device can be much lower profile, making 1t 1s less
likely to be caught on clothing and/or dislodge, which can
lead to leaking.

The drug reservoir 112 may be formed of any suitable
material or combination of matenals, along with being
defined by a single layer or multiple layers of different
matenials. In an exemplary embodiment, the reservoir 1s
formed of one or more film layers comprised of any one or
more of a variety of matenials, including thermoplastic
materials and elastomers. Suitable materials can include
(without limitation) polyethylene, polypropylene, polyure-
thanes, polyamides, polyesters, ethylene vinyl acetate, natu-
ral or synthetic polyisoprene, polybutadiene, polychloro-
prene, silicone, nitrile rubbers, nylon, olefin, and polyvinyl
chloride. The film layer or layers can be comprised of blends
or combinations of any of the preceding materials. Different
layers of the film can be comprised of the same material or
material combinations or different materials or materal
combinations.

The drug reservoir 112 includes at least one outlet 132,
which may be located at, incorporated into, or otherwise
associated with one edge of the drug reservoir 112. The
outlet 132 includes an opening of the flexible reservoir and
may also include a conduit 134, such as a tube or tubing that
1s sized to fit securely 1n the opening of the drug reservoir
112. If provided, the tube or tubing may be formed of any of
a variety of materials, including being formed of a generally
rigid material or combination of materials and being formed
ol a generally deformable or flexible material or combina-
tion of materials. By way of example, the conduit may be
formed of a polymeric material, such as a plastic or rubber
polymer, polyvinyl chloride, polyethylene, or a combination
of these. The outlet and conduit define a portion of the fluid
flow path from the drug reservoir to the needle of the drug
delivery device.

The fluid flow path may also include a clamp or valve 160
associated with the conduit 134, which may be positioned at
or adjacent to the outlet 132 of the drug reservoir 112. The
valve or clamp 160, which may be variously configured
without departing from the scope of the present disclosure,
1s configured to selectively allow and prevent fluid tlow
between the drug reservoir and the needle. In one embodi-
ment, the clamp or valve 160 includes one or more clamps
or valves configured to be automatically (i.e., non-manually)
moved between closed and open conditions, such as by the
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controller 118. In the open condition, the clamp or valve 160
allows fluid flow through the condut 134. In the closed
condition, the clamp or valve 160 prevents fluid flow
through the conduit 134. The manner 1n which the clamp or
valve 160 prevents fluid flow through the conduit 134 may
vary depending on the configurations of the clamp or valve
160 and the condwt 134. For example, in the embodiment
shown 1 FIGS. 5 and 6, the conduit 134 1s configured as a
flexible tube, with the clamp or valve configured as a pinch
valve, which may squeeze the conduit 134 to close it,
thereby preventing fluid flow through the conduit 134. If the
conduit 134 1s diflerently configured (e.g., as a rigid tube),
the clamp or valve may be diflerently configured (e.g., as a
ball valve) to selectively allow and prevent fluid flow
through the conduit 134. The valve may be configured as,
but 1s not limited to, a glove valve, ball valve, check valve,
gate valve, tilting disk check valve, swing-check or stop-
check valve. It 1s also within the scope of the present
disclosure for the valve to be configured as an electrome-
chanical valve, such as a solenoid valve.

The drug 1s conveyed out of the device by operating a
delivery assembly, which may be variously configured to
move the drug from the reservoir via the outlet, with FIGS.
5-10 1llustrating exemplary embodiments with different
delivery assembly configurations. Similar components are
numbered similarly throughout the Figures.

In general, the delivery assembly typically includes two
components: a roller 124/224/324 and a drive assembly that
1s controlled by the controller to move the roller. The roller
124/224/324 1ncludes one or more surfaces configured and
oriented to contact the drug reservoir 112/212/312. The
roller 124/224/324 may be configured to contact the drug
reservoir 112/212/312 at any position into which the roller
124/224/324 may be placed or may instead be configured to
move 1nto at least one position in which 1t 1s not 1n contact
with the drug reservoir 112/212/312. Movement of the roller
corresponds to movement or release of the drug from the
drug reservoir. The roller 1s at least movable from a first
position to a second position, but may also be movable
between the first and second positions. The first position of
the roller may be located on, near or adjacent to a first end
of the drug reservoir, such as the edge most distal to the
outlet of the reservoir (which 1s the left end of the drug
reservoir 1n the orientation of FIG. 6). The second position
may be located on, near or adjacent to the opposite end of
the drug reservoir, proximal to the outlet (which 1s at the
right end of the drug reservoir 1n the orientation of FIG. 6)
and between the outlet and the first position.

The drug reservoir may be full or at least substantially full
when the roller 1s 1n the first position and empty or at least
substantially empty when the roller is in the second position.
The roller may substantially flatten the drug reservoir at the
location where 1t contacts the drug reservoir, such that
movement of the roller from the first position toward the
second position will force the drug toward the outlet via a
peristaltic action (which may be understood as being similar
to squeezing toothpaste from a tube). It should be under-
stood that the roller 1s not limited to movement from the first
position to the second position, but may be moved to other
positions, such as a third position between the first and
second positions. This may include the roller being moved
in increments from the first position toward the second
position, with a predetermined amount of a drug being
dispensed from the drug reservoir upon each incremental
movement. Indeed, the roller may be moved into any
position relative to the drug reservoir without departing from
the scope of the present disclosure, with the controller and
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drive assembly being configured to stop movement of the
roller 1n each and/or any of these positions.

In the 1llustrated embodiments, the roller 124/224/324 has
a first and second end, extending transversely along and past
the width of the drug reservoir and a substantial portion of
the width of the housing 116/216/324. The roller 124/224/
324 can be configured as an individual bar or wiper or a
plurality of connected bars or wipers (for example) and be
formed of a generally rigid or generally deformable or
flexible material. As described above, the roller includes one
or more surfaces configured to be at least partially posi-
tioned to contact and deform the drug reservoir, with 1t being,
advantageous for such a surface to be generally smooth or
otherwise configured to be moved along the drug reservoir
without puncturing the drug reservoir. Components and
teatures of the roller (including any attachment mechanism
by with the roller 1s associated to the drive assembly) may
vary depending on the configuration of the associated drive
assembly and drug reservoir, as should be clear from the
description which follows.

Turning now to the drive assembly, it may be variously
configured without departing from the scope of the present
disclosure. Regardless of the configuration of the roller and
drive assembly, 1t may be advantageous for the drive assem-
bly to include one or more guide rails 130a/13056/230a/2305/
330a/330b or a comparable mechanism configured to define
the path along which the roller may be moved. In the
illustrated embodiments, a pair of parallel guide rails 130/
230/330 are linear or substantially linear and elongated,
extending perpendicularly to the associated roller and defin-
ing a linear or substantially linear path for the roller. The
guide rails may extend along at least a portion of the
associated drug reservoir and be positioned at or near at least
one lateral edge of the drug reservoir. In one embodiment,
the guide rail or rails extend the full length of the drug
reservoir. The first end of the guide rail or rails (or a location
near the first end of the guide rail or rails) may correspond
to the first position of the roller and the second end of the
guide rail or rails may correspond to the second position of
the roller. It should be understood that the illustrated guide
rails and the paths they define are merely exemplary and that
devices according to the present disclosure may employ
guide rails that are differently configured and define different
paths than what 1s shown.

The roller may be coupled to the associated guide rail or
guide rails by any suitable approach. In an exemplary
embodiment, each guide rail may include a channel or
groove for receiving or accommodating a portion of the
associated roller. The channel or groove may extend along
the entire length of the guide rail or along just a portion of
the length of the guide rail. In the 1llustrated embodiments,
a first guide rail 1s configured to recerve a first portion, such
as the first end, of the roller and a second guide rail is
configured to receive a second portion, such as the second
end, of the roller.

The drive assembly of the delivery assembly that moves
the roller along the guide rail or guide rails may be provided
in a variety of configurations to impart different types of
movement to the roller. Examples of these assemblies are
shown in FIGS. 5-10, with the understanding that many
differently configured assemblies may be employed to
impart similar or diflerent types of movement to the roller.
FIGS. 5, 7, and 9 illustrate the top perspective views of the
assemblies, while FIGS. 6, 8, and 10 1illustrate side eleva-
tional views of each embodiment. Fach of FIGS. 5, 7, and
9 show the roller at or near a first position of the roller, while
FIGS. 6, 8, and 10 show the roller at an intermediate position
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between the first and second positions. For illustrative
purposes, the guide rails are not 1llustrated 1n FIGS. 6, 8, and
10, being shown only 1mn FIGS. 5, 7, and 9.

In one embodiment, the drive assembly may comprise a
screw, which may be variously configured without departing
from the present disclosure, such as being configured as a
lead-screw, screw jack, ball screw, roller screw, or linear rail
actuators (for example). The drive assembly of FIGS. 5 and
6 utilizes a lead-screw 126 and a motor 122 associated
therewith and configured to rotate the lead-screw 126 about
its central axis. The lead-screw may be externally threaded,
while the roller 124 includes an iternally threaded opening
128 which receives the lead-screw 126. In such an embodi-
ment, the motor 122 1s driven 1n a forward direction to rotate
the lead-screw 1n a first direction (e.g., a clockwise direc-
tion) to move the roller in a first direction, such as n a
direction from the first position toward the second position
(1.., toward the outlet 132 of the drug reservoirr 112).
Rotating the lead-screw in the reverse direction moves the
roller 124 1n an opposite second direction, such as 1n a
direction from the second position toward the first position
(1.e., away from the outlet 132 of the drug reservoir 112).

The lead-screw 126 and valve or clamp 160 may be
coordinated by the controller 118 to work in concert, with
the lead-screw 126 being prevented from rotating when the
valve 1s 1n the closed condition and caused to rotate when the
valve 1s 1n the open condition. Alternatively, the valve or
clamp 160 may be configured to automatically open upon
application of a sullicient amount of force, with the valve or
clamp 160 being closed until the roller 1s moved. Once the
roller 1s moved toward the second position, 1t will cause the
drug to flow out of the drug reservoir via the outlet, applying
suflicient force to the valve or clamp to cause 1t to open.

In another embodiment, the drive assembly may include
at least one spring. The below embodiments 1llustrate the use
of a constant force spring (FIGS. 7 and 8) and a torsion
spring (FIGS. 9 and 10), but 1t 1s well within the teaching of
the present disclosure to include other types of springs,
which may include compression and extension springs, for
example.

In the embodiment of FIGS. 7 and 8, the drive assembly

220 1ncludes a constant force spring 242. The constant force
spring 242 1s comprised of a large, mostly flat piece 246 that
1s configured to wind around a spool 244 and can exhibit a
consistent force over the range of its motion. The flat piece
246 may be a thin strip comprised of steel or another metal.
The spring can be a spiral wound torsion spring, and 1t can
also include an attachment ring 228 for connection to the
roller 224.
The constant force spring 242 1s configured to automati-
cally move from an uncoiled condition to a coiled or partly
colled condition. As the spring 1s coiled, the attachment ring
228 pulls the roller from the first position toward a second
position more proximate to the outlet, along the drug res-
ervoir. The constant force application of the spring can be
especially useful for constant or uniform flow of the drug
from the reservoir 212. While the spring 242 1s biased to
move from the uncoiled condition toward a coiled condition,
it should be understood that a mechanism may be provided
to uncoil the spring 242, moving the roller in the opposite
direction.

The constant force spring may be moved 1n coordination
with the status of the valve 260. When the valve 1s 1n the
closed position, the constant force spring may be prevented
from moving from the uncoiled to the coiled condition and
when the valve 1s in the open position the constant force
spring may automatically move from the uncoiled to the
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colled condition, moving the roller toward the second posi-
tion and conveying the drug from the drug reservoir via the
outlet.

The embodiment of FIGS. 9 and 10 includes a drive
assembly 320 with a torsion spring 350. The torsion spring
350 1s comprised of a coiled portion 356 and first and second
ends 352 and 354. The spring 350 can be comprised of steel
or other metal, for example. The second end 354 1s 1n contact
with a raised component 328 on the roller 324. The coiled
portion 1s biased to move from a coiled condition toward an
uncoilled or less coiled condition. When uncoiling, the
second end 354 will apply a force to the raised component
328 on the roller 324. The force from the second end 354
will push the raised component and attached roller from a
first position on the drug reservoir toward the second posi-
tion (1.e., toward the outlet of the drug reservoir). It 1s also
contemplated that a mechamism may be provided to move
the spring 350 from a less coiled condition to a more coiled
condition, thus moving the roller 1n the opposite direction.

The torsion spring may be moved 1n coordination with the
status of the valve 360. When the valve 360 1s in the closed
position, the torsion spring may be prevented from moving
from the coiled condition toward the uncoiled or less coiled
condition. When the valve 1s 1n the open position, the torsion
spring may automatically move from the coiled condition
toward the uncoiled or less coiled condition, moving the
roller along the drug reservoir and conveying the drug from
the reservoir via the outlet.

It should be understood that the foregoing drive assem-

blies are merely exemplary and that other assemblies may be

employed without departing from the scope of the present

disclosure. It 1s also contemplated that a delivery assembly
may include two or more differently configured drive assem-

= -

blies to move the roller of the delivery assembly. This may

include a first drive assembly configured to move the roller
in a direction from the first position toward the second
position and a second drive assembly configured to move the
roller 1n a direction from the second position toward the first
position. If multiple drive assemblies are provided, they may
be similarly or differently configured. In any case, as
described above, 1t should be understood that the roller will
be moved by the drive assemblies based on signals from the
controller, which may be based on the status of the device.
This may include the controller controlling the drive assem-
bly to move or change condition, the controller causing a
valve or clamp to move or change condition (which allows
the drive assembly to automatically move or change condi-
tion), or the controller causing both the drive assembly and
the valve or clamp to move or change condition 1n order to
cause the roller to move.

It will be understood that the embodiments and examples
described above are illustrative of some of the applications
of the principles of the present subject matter. Numerous
modifications may be made by those skilled in the art
without departing from the spirit and scope of the claimed
subject matter, including those combinations of features that
are individually disclosed or claimed herein. For these
reasons, the scope hereot 1s not limited to the above descrip-
tion but 1s as set forth in the following claims, and it 1s
understood that claims may be directed to the features
hereot, including as combinations of features that are indi-
vidually disclosed or claimed herein.
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The mnvention claimed 1s:

1. A drug delivery device comprising:

a housing;

an adhesive pad associated with a lower surface of the

housing and configured to removably attach to a human
body surtace;

a deformable drug reservoir positioned within the housing

and including an outlet;

a needle fluidically connected to the outlet of the drug

reservolr and configured to define at least a portion of
a fluid flow path between the drug reservoir and said
human body surface;

a controller configured to execute a drug delivery routine;

and

a delivery assembly associated with the drug reservoir and

including a roller and a drive assembly, wherein

the drive assembly 1s configured to move the roller
from a first position to a second position so as to
cause the roller to contact and deform the drug
reservoir, thereby conveying a drug from the drug
reservoilr via the outlet during the drug delivery
routine,

the drive assembly includes

an elongated, externally threaded lead-screw,

a motor associated with and configured to rotate the
lead-screw about a central axis of the lead screw,
and

clongated first and second guide rails each extending
along opposite lateral edges of the drug reservoir
between first and second ends,

at least a portion of the lead-screw 1s positioned
between the guide rails,

the roller defines an internally threaded opening
receiving the lead-screw, with rotation of the lead-
screw about the central axis causing the roller to
move along the lead-screw,

a first end of the roller 1s configured to move along
the first guide rail,

a second end of the roller 1s configured to move
along the second guide rail, and

movement of said first and second ends of the roller
in a direction from near or adjacent to the first end
of the guide rails toward the second end of the
guide rails corresponds to movement of the roller
in a direction from said first position toward said
second position.

2. The drug delivery device of claim 1, wherein the
second position 1s positioned between the outlet and the first
position.

3. The drug delivery device of claim 1, wherein the drug
reservoir 1s substantially tull of the drug 1n the first position
and substantially empty 1n the second position.

4. The drug delivery device of claim 1, wherein the drnive
assembly 1s further configured to move the roller 1mn a
direction from the second position toward the first position.

5. The drug delivery device of claim 1, wherein the drug
comprises peglilgrastim.

6. The drug delivery device of claim 1, wherein the guide
rails are stationary fixtures that define a path along which the
roller 1s moved.

7. The drug delivery device of claim 1, wherein each of
the guide rails includes a channel or groove for receiving one
of the first and second ends of the roller.

8. The drug delivery device of claim 7, wherein each
channel or groove extends along a portion of a length of an
associated guide rail.

9. The drug delivery device of claim 7, wherein each
channel or groove extends along an entire length of an

associated guide rail.
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10. A drug delivery device comprising;:
a housing;
an adhesive pad associated with a lower surface of the
housing and configured to removably attach to a human
body surface;
a deformable drug reservoir positioned within the housing
and including an outlet;
a valve associated with the outlet and configured to be
moved from a closed condition to an open condition;
a needle fluidically connected to the outlet of the drug
reservoir and configured to define at least a portion of
a fluid tlow path between the drug reservoir and said
human body surface;
a controller configured to execute a drug delivery routine;
and
a delivery assembly associated with the drug reservoir and
including a roller and a drive assembly, wherein
the drive assembly 1s configured to move the roller
from a {first position to a second position so as to
cause the roller to contact and deform the drug
reservoir, thereby conveying a drug from the drug
reservoir via the outlet during a drug delivery rou-
tine,
the drive assembly includes an elongated, externally
threaded lead-screw and a motor associated with and
configured to rotate the lead-screw about a central
axis of the lead-screw,
the roller defines an 1nternally threaded opening receiv-
ing the lead-screw, with rotation of the lead-screw
about the central axis causing the roller to move
along the lead-screw,
the lead-screw 1s prevented from rotating when the
valve 1s 1n the closed condition, and
the lead-screw 1s configured to rotate when the valve 1s
in the open condition.
11. The drug delivery device of claim 10, further com-
prising:
an elongated guide rail extending between first and sec-
ond ends, wherein
at least a portion of the roller 1s configured to move along,
the guide rail, and
movement of said at least a portion of the roller 1n a
direction from near or adjacent to the first end of the
guide rail toward the second end of the guide rail
corresponds to movement of the roller in a direction
from said first position toward said second position.
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12. The drug delivery device of claim 11, wherein said at
least a portion of the roller comprises a first end of the roller.

13. The drug delivery device of claim 11, wherein the
clongated rail comprises elongated first and second guide
rails each extending between the first and second ends, a first
portion of the roller 1s configured to move along the first
guide rail, a second portion of the roller 1s configured to
move along the second guide rail, and movement of said first
and second portions of the roller 1n a direction from near or
adjacent to the first end of the guide rails toward the second
end of the guide rails corresponds to movement of the roller
in a direction from said first position toward said second
position.

14. The drug delivery device of claim 13, wherein the
guide rails extend along opposite lateral edges of the drug
reservotr.

15. The drug delivery device of claim 13, wherein said
first portion of the roller comprises a first end of the roller
and said second portion of the roller comprises a second end
of the roller.

16. The drug delivery device of claim 11, wherein the
guide rail 1s a stationary fixture that defines a path along
which the roller 1s moved.

17. The drug delivery device of claim 11, wherein the
guide rail includes a channel or groove for receiving said at
least a portion of the roller.

18. The drug delivery device of claim 17, wherein the
channel or groove extends along a portion of a length of the
guide rail.

19. The drug delivery device of claim 17, wherein the
channel or groove extends along an entire length of the guide
rail.

20. The drug delivery device of claim 10, wherein the
second position 1s positioned between the outlet and the first
position.

21. The drug delivery device of claim 10, wherein the
drug reservoir 1s substantially full of the drug in the first
position and substantially empty in the second position.

22. The drug delivery device of claim 10, wherein the
drive assembly 1s further configured to move the roller 1n a
direction from the second position toward the first position.

23. The drug delivery device of claim 10, wherein the
drug comprises peglilgrastim.
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